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3 diphosphate (DHPS) due to its analogous structure [3] . Sulfamethoxazole (SMX), a common antibacterial agent against gram positive and gram negative bacteria, is most often used as part of the synergistic combination with trimethoprim in a 5:1 ratio in co-trimoxazole [4] . Prolong administration of SMX may cause toxicity like gastrointestinal upset, skin rashes, breathing trouble, add to the kidney damage and stomach or abdomen pain, nausea, headache [5] [6] [7] [8] . The hypersensitivity arises due to oxidative metabolite such as SMX-hydroxylamine (SMX-NHOH) and SMX-nitroso (SMX-NO) [9] . In search of more effective and low toxic drugs the chemical and biological modification of antibiotics has taken tremendous momentum in the area of synthetic and pharmaceutical chemistry [10] . Azo compounds show a variety of interesting biological activities such as, anti-neoplastics, anti-diabetics, anti-septics, anti-HIV and other useful chemotherapeutic properties [11] . During last couple of years we have designed some sulfonamide derivatives incorporating imine (-C=N-) [12, 13] and azo (-N=N-) [14, 15] functions and the compounds have been used to investigate their antimicrobial activity. In this work, we have characterized hitherto unknown azo-imine (-N=N-C=N-) functionalized sulfamethoxazole (Scheme 1) and their antibacterial and antiviral activity have been examined.
Out of various functional groups the azo-imine function is π-acidic and monitors the electrochemical potential of the molecules [16] . The drug activity and toxicity of the compounds have been scrutinized in this work and the molecular docking studies have been adopted with DHPS protein (obtained from PDB source) and DNA to examine their binding at best pose condition of the compounds.
Experiment

Materials and methods
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Sulfamethoxazole was purchased from Hi-Media. Sodium nitrite, sodium hydroxide, were available from S.D. Fine Chem. Ltd. Salicylaldehyde, aniline, p-toluidine, p-anisidine, pchloroaniline, p-nitroaniline and α-naphthylamine were purchased from Sigma-Aldrich. Other chemicals and solvents of Analytical grade were obtained from Merck. The solvent was purified by standard procedure [17] .
Microanalytical data (C, H, and N) were collected on Perkin-Elmer 2400 CHNS/O elemental analyzer. Spectroscopic data were obtained using the following instruments: UV-Vis spectra by Perkin-Elmer UV-Vis spectrophotometer model Lambda 25; FTIR spectra (KBr disk, 4000-400 cm _1 ) by Perkin-Elmer FT-IR spectrophotometer model RX-1; the 1 H NMR spectra by Bruker (AC) 300/500 MHz FTNMR spectrometer. ESI mass spectra were recorded on a micro mass Q-TOF mass spectrometer (serial no. YA 263).
Synthesis of azo/imine functionalized sulfonamides
2.2a.4-(3-Formyl-4-hydroxy-phenylazo)-N-(5-methyl-isoxazol-3-yl)-benzenesulfonamide (1)
The sulfamethoxazolyl diazonium (SMX-N=N-+ ) ion was prepared by dropwise addition of ice cold aqueous solution of sodium nitrite (0.136 g, 1.97 mmol) to HCl solution (3N, 18 ml) of sulfamethoxazole (0.5 g, 1.97 mmol) for 30 min. SMX-N=N-+ Cl -so formed was added to the ice cold sodium hydroxide (2.4 g) solution of salicylaldehyde (0.20 ml, 1.97 mmol) with continuous stirring and pH 7 was maintained to settle yellow precipitate. It was filtered and dried. The product was crystallized from aqueous methanol solution; purity was checked by TLC and purified by column chromatography (silica gel, 60-120 mesh) and the desired product was obtained with (1/10 v/v, CH 3 CN/toluene) eluent. The yield of 1 was 60%. Fig. S13 ). FT-IR spectrum, ν max (cm [18] . Crystallographic refinement data are collected in Table 1 . Multi-scan absorption corrections were applied [19] . The structure was solved by direct methods with SHELXL-97 [20] and refined by full-matrix least-squares techniques on (5) b(Å) 6.8187 (16) c(Å) 18.507 (5) β (°) 103.745 (4) V(Å) 
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Antimicrobial activity
[SMX-N=N-C 6 H 2 -(p-OH)(m-CHO)] (1) and its six derivatives SMX-N=N-C 6 H 3 (p-OH)(m- CH=N-C 6 H 5 ) (2a), SMX-N=N-C 6 H 3 (p-OH)(m-CH=N-C 6 H 4 -p-CH 3 ) (2b), SMX-N=N-C 6 H 3 (p- OH)(m-CH=N-C 6 H 4 -p-OCH 3 ) (2c), SMX-N=N-C 6 H 3 (p-OH)(m-CH=N-C 6 H 4 -p-Cl) (2d), SMX- N=N-C 6 H 3 (p-OH)(m-CH=N-C 6 H 4 -p-NO 2 ) (2e), SMX-N=N-C 6 H 3 (p-OH)(m-CH=N-(α)-C 10 H 7 )(
MTT assay
Vero cells (African green monkey kidney cells; ATCC, Manassas, VA, USA) were cultured in Dulbecco's modified Eagle's medium (DMEM) with 5-10% fetal bovine serum (FBS; Invitrogen, USA), 100 U ml -1 penicillin and 100 mg ml -1 streptomycin, at 37 0 C in 5% CO 2 . The viral strains used were HSV-1F (ATCC 734), purchased from the ATCC (Manassas, VA, USA).
Virus stocks were prepared from infected culture at a multiplicity of infection (MOI) of 0. 
Anti-HSV Activity
Dose response analysis of test compounds on virus infected cell was done to observe the viral activity. Vero cells seeded in 96 well plates were infected with HSV-1F at 1 MOI and exposed to the various concentrations of 1 and 2 and acyclovir (standard drug). The dosedependent antiviral activity was evaluated by MTT assay to determine the inhibition of infection, as described previously [25, 26] . Values were obtained from three independent experiments with each sample performed in triplicate.
Theoretical Calculation: DFT and Docking studies
The geometry optimization of 1 and 2a-f were carried out using Density Functional theory (DFT) at the B3LYP level [27] . All calculations were carried out using the Gaussian 09
program package [28] with the aid of the GaussView visualization program [29] . For C, H, N, O the 6-31G (d) basis set were assigned. The vibrational frequency calculations were performed to ensure that the optimized geometries represent the local minima and there are only positive eigen values. Vertical electronic excitations based on B3LYP optimized geometries were computed using the time-dependent density functional theory (TD-DFT) formalism in methanol using conductor-like polarizable continuum model (CPCM) [30 -32] Gauss Sum was used to calculate the fractional contributions of various groups to each molecular orbital [33] .
The crystal structure of DHPS (Dihydroptorat Synthetase of Versinia pestis, PDB ID 3TZF) was downloaded from RCSB protein data bank (http://www.pdb.org) and used for docking. The enzyme was co-crystallized with sulfamethoxazole, 6-hydroxymethylpterindiphosphate and magnesium ion. The in silico docking studies was carried out by using CDOCKER of Receptor-Ligand interactions protocol section of Discovery Studio client 3.5 [34] . Interaction energies between Ligands and Receptor were recorded. Lipinski's rule [35] and Veber rule [36] were verified and the drugs were passed though ADMET for toxicity computation.
The crystal structure of 2c and optimized structures of other compounds (1, 2a-f) have been used for docking. Ligand preparation was done using Prepare Ligand module in ReceptorLigand interactions tool of Discovery studio 3.5 and prepared ligand was used for docking. Absorption, distribution, metabolism, excretion and toxicity (ADMET) prediction were done in ADMET descriptor module of Small molecules protocol of Discovery studio client 3.5.
Druglikeness of the compounds used in this work was checked following Lipinski's rule of five [35] . Using ADMET module of small molecule protocol of Discovery studio 3.5 software ADMET properties and toxicity of the compounds were checked. Supplementary material, Fig. S2, S5 , S8, S11, S14, S17, S20). The mass spectra identify the molecular ion peak which also support the calculated m/z and have established the isolation of 2. All the compounds show absorption bands at 350-370 nm and 270-290 nm due to n-π * and π-π * transitions, respectively (Fig. 1) . The 1 H NMR spectra are convoluted due to large number of proton signals from aromatic rings (atom numbering is given in the structures, Supplementary material, Fig.   S12, S18) . The single crystal X-ray structure of 2c also confirms the structural proposal from other spectroscopic information.
Fig. 1. Electronic spectra of the compounds, 1 and 2a-f in methanol solution
Molecular structure of 2c
An ORTEP view of 2c is shown in Fig. 2 . The selected bond lengths and angles are given in Table 2 . The structure is sub-divided into four parts for brevity; imine phenolato (A- (Fig. 2) . In the expanded structure both intramolecular and intermolecular hydrogen bonds constitute 2D plane. Hydrogen bonded centres are -O-CH 3 , -OH, -SO 2 -NH-, azo-N, oxazolyl-N, phenyl-Hs, -CH 3 group in oxazolyl motif.
The optimized structure generated by DFT computation using Gaussian09 package for 2c has been verified from the bond parameters with experimentally determined single crystal X-ray structure (Fig. 2, Table 2 ). Theoretically generated bond parameters such as N (9) have been tested against B. subtillis (ATCC 6633) and E. coli (ATCC 8739) ( Table 3) . Data reveal that Schiff bases 2 are less potent than that of the precursor aldehyde, 1; the reason is unknown. However, one may apprehend that -CHO is more polar and less space demanding than -CH=N-Ar and may be easily permeable in the cell membrane [37] . The profile of inhibition has been presented in Fig. 3 . From the result it is evident that the drug molecules produce a concentration dependant decrease in the growth of gram positive, B. Subtillis but not in gram negative, E.coli.
Inhibition of HSV-1F infection
The cytotoxicity assay of the compounds indicated that 50% drug efficiency (CC 50 , µg/ml) of the drugs are 129.98 (1) 
Theoretical Interpretation by DFT and Docking studies
The DFT optimized structures or the structure obtained from the single crystal X-ray analysis are useful to study protein ligand interaction. The best pose interaction has been evaluated by docking score, binding energy and Log P data. To follow Lipinski's rule of five, (35, 36) it is essential to know drug-relevant properties of the ligands. Finally the druglikeness of the target molecules has been tested by ADMET to know the molecular properties i.e.
absorption, distribution, metabolism, excretion and toxicity. The calculated data show the good solubility level, moderate absorption stage, seven or eight H-bond acceptors, two H-bond donors and follow Lipinski's filter and Log Ps vary from 3.431 to 6.161 (Table 5 ). This implies that present series of azo-sulfonamids / azo-imino-sulfonamids interact more strongly than that of SMX to DHPS protein ( Table 4) . The hydrophilic and hydrophobic parts of the derivatives bind through hydrogen bonding and different electrostatic interactions [37, 38] . 
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Data in Table 4 reveal that the C-DOCKER interaction energy of the drugs with 3TZF
follow the ordering 2b>2f>2a>2c>2e>2d>1; thus the ligand 2b shows fast communication with ∠O---O-H, 152° for 2f (Fig. 11) ; Aromatic ring of naphthaldehyde of 2f is involved in π---π interaction with ThrNH (3.17 Å) ( Table 6 ). 
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Theoretical interpretation of electronic spectra
The DFT computation technique is used to optimize the structure of the ligands. The bond distances and angles have been verified by the comparing between the DFT optimized and X-ray determined structures ( Table 2 
